Abstract-Direct Digital Synthesizer (DDS) used for creating arbitrary waveforms from a single, fixed-frequency reference clock. Applications of DDS include: signal generation, local oscillators in communication systems, function generators, mixers, modulators, electronic sound synthesizers and as part of a digital phase-locked loop. In this paper, DDS is used as a function generator operated in a particular frequency bandwidth and it is to be used for testing and experimental work. This paper will presents a possible design for keypad and computer controlled DDS function generator namely Dual Control Direct Digital Synthesizer (DCDDS) which generate frequencies from 0 to 30MHz sine waveform. The amplitude selection is up to 10Vpp, and it is guaranteed to be accurate for frequencies range from 0 to 1MHz. The ability to accurately generate and control waveform of various frequencies, compactness and low cost are the main design consideration.
INTRODUCTION
Signal generator plays an important role in communications, electronic measuring device, automatic control, and other electronic systems. There are three techniques for frequency generation-indirect phase lock loop (PLL), direct-analog and direct digital. Direct frequency synthesizers are based on mixing, division multiplication, arithmetic generation of output frequency from a reference frequency and the process is direct because the error correction is avoided whereas indirect synthesizer is generation of output frequency based on the value of phase error. Among these three techniques, direct digital or DDS is the most flexible and it is widely used for solving frequency generation requirement in signalling devices. DDS has been introduced since 1970 and is evolving most rapidly and prominence in the last few decades. DDS is a method of producing time-varying signal in digital form and digital-to-analog (D/A) conversion is applied to transform it into analog waveform. As DDS device is implemented in digital form, thus it offers fast switching between output frequencies, high frequency resolution, higher accuracy and operation over a broad spectrum of frequencies. A low noise figure makes DDS more attractive than indirect such as in feedback-based approach in Phase Lock Loop (PLL) solution.
Today, DDS has provided an important alternative to PLL technology for generating precise various output waveforms in consumer synthesizer application. There are many applications of DDS function generator. For example, DDS can be used in:
• Research and Development (R&D)
• Education • Communication • Electronic Testing and Troubleshooting It could be used in a new advanced technology called Lab-on-Chip (LoC) and any instrument systems. For. e.g. In LoC, this DDS enable the separation of submicron particles by applying a frequency of 1 MHz electric field at certain voltage and useful to operate the AC electroosmosis micropump [1, 2] . This is good for biomedical application. While DDS as a testing device, young researchers can use it to examine their circuit functionality and extract an accurate data after checking. Figure 1 shows the summarization of the DDS in term of technology, advantages, disadvantages and applications.
Thus, the propose function generator is dual control DDS function generator (DCDDS) which consists of keypad and Graphical User Interface (GUI) entered frequency method. The estimate cost for the designed DCDDS is around RM350.00, which will be much cheaper than commercial function generator.
Function generator is not a new product or new technology in the market. Thus, there are different kinds of function generators available in the market however, all of them are big in size, heavy and expensive and just have one option of entering frequency method. Usually it is the keypad or button entered frequency method. And if the keypad does not work, then the whole system cannot be used. For example, the expensive 33220A DDS function generator (20MHz) is manufactured by Agilent cost around RM9000. Normally, the price for these function generators is not affordable by students or young researcher.
II. METHODOLOGY
Although there are several function generator system designed using GUI, but the system was using PCI 6221 card instead of DDS chip module to generate sine wave [3] . The operation of this design is first, creating sine waveform using Simulink in Lab View. Then the PCI6221 card can transform the output waveform, which was created in Simulink accessible to the hardware or converting the digital signals in Lab View to analog signal. Then the signal is amplified by using LM741.
The regulated DC supply is used to supply the DC voltage to the amplifier. However, for this design, the cost for PCI 6221 card is around RM2240, which is expensive whereas AD9850 DDS chip module, is cost only around RM40. Hence, the propose DCDDS will use AD9850 to generate various frequencies of sine waveform as low cost is main design consideration.
The propose design DCDDS block diagram is shown in Figure 2 . The components that will be used in DCDDS are Arduino UNO, AD 9850 chip module, 4x3 keypad, LCD and switch button. An Arduino UNO act as microcontroller and AD9850 is used to generate sine waveform from 0 to 30 MHz. The master clock for AD9850 is equal to 125MHz, and it has 32 bits phase accumulator. The resolution for this chip module is 0.029Hz.
As the DCDDS implied that this system have two frequencies entered method-keypad and GUI, user can choose either one as an input (frequency value) to the system. LABVIEW 2012 is used to generate a Graphical User Interface (GUI) because it is faster as compared to other programming platforms such as Visual Basic 6.0. The GUI communicates with the DDS chip module through SPI. SPI_MODE 0 is used as it fulfilled the requirement of the timing diagram of the chip In this case, microcontroller is a master device and DDS chip module is the slave device. USB cable will be used to interface Arduino Uno and GUI. For the keypad system, Arduino Uno will be programmed through ARDUINO integrated development environment (IDE) to control whole process of the system.
The language used to create a program code or sketch in the IDE is C or C++. The program will be uploaded to Arduino Uno via USB cable. The hardware implementation includes keypad 4x3, LCD display, and AD9850 DDS chip module. LCD module will be displayed the actions of input from user through keypad to change, set or cancel frequency value. Both entering value methods are able to send the required data to DDS chip module through an interfacing system/microcontroller (Arduino UNO). The Arduino UNO will calculate the 32 bits phase increment word, which will be required by AD9850 to generate the corresponding sine wave output frequency based on Equation 1:
(1) where = number of bits in the phase accumulator.
= phase increment word = master clock (125 MHz) Figure 3 shows the GUI interfaces for the DDS function generator system. The GUI consists of 3 parts: SPI control, frequency selection and stop button. The designed GUI is user friendly and easy to use. Besides, user can identify the phase increments value and preview the theoretically waveform in the corresponding text box/ graph template. The GUI also Figure 4 shows the block diagrams or program for the GUI system.
III. RESULTS
A. GUI SYSTEM Figure 5 shows that the keypad system was successfully designed and fabricated to provide another option for user to enter the frequency of sine waveform. The procedure for using the keypad system is as follow:
1. Key in the desired frequency digit number. 2. Change the unit from "Hz" to "kHz" or "MHz" by pressing "#" and push button. 3. If "*" is pressed, then use oscilloscope to check the output 4. If "#" is pressed, repeat the step 1 to 3. 5. Toggle the switch to GUI mode to enable the amplifier 6. Using oscilloscope to check the output The comparison has been made between the designed DDS function generator system and the commercial function generator. The commercial function generator (Tektronix AFG 3022B) is a digital function generator and it can generate sine wave with frequencies up to 25MHz and maximum output amplitude of 10Vpp. All measurements were made using oscilloscope Agilent InfiniiVision DSO-X 3034A. The bandwidth for the oscilloscope is 350MHz.The output impedance of this oscilloscope is 1MΩ. Table 1 below shows some results from various frequencies of waveform generated by GUI, Keypad and commercial function generator (Tektronix AFG 3022B). It is observed that the waveform entering the oscilloscope is not fully stable, because of the disturbance from environment such as noise. As a result, Table 1 shows some variation of the entered frequency and the output frequency read from the oscilloscope that changes according to the unstable waveform. In order to get more accurate result, 52 readings for frequencies range from 10 to 50MHz was obtained for GUI and Keypad. Another 48 readings for frequencies range from 10 to 25MHz of commercial function generator were obtained. The error between the entered frequency and the output frequency is calculated by using the Equation (2):
The graph with logarithms scale was plotted to show clearly the result as shown in Figure 6 . From the graph, it is shown that the error of output for GUI and keypad falls in the acceptable region, which is lower than 10%. For GUI under the entered value option, in the frequency setting below 15 MHz, the percentages of error is better i.e. lower than 0.3 %. While for keypad entered value option, the percentage of error is also lower than 0.3% however it is when the frequency not in the range of 10k to 100 kHz. The percentages of error is higher or greater than 0.3% when frequency in the range of 10k to 100k Hz. Nevertheless, it still falls in the acceptable range. Next, the amplitude and corresponding frequency with logarithms scale is plotted for easier interpretation. Figure 7 shows the relationship between the amplitude of sine wave output waveform from the DCDDS function generator system over wide frequency range. From the graph, the amplitude for the output waveform of GUI system is constant at 1.14 Volts before 10 MHz whereas the amplitude of the keypad system for the output waveform is constant at 1.11 Volts before 10MHz. For the commercial function generator, the output waveform is constant at 1.15 Volts before 1 MHz and drop to 0.46 Volts at 25MHz. The reason for the roll off response or decreasing of amplitude for GUI or keypad system when frequency increasing beyond 10MHz is due to the imperfect of DAC or zero order hold effect of DAC.
From the Figure 6 and Figure 7 , it can be concluded that the system is reliable and accurate as the results show that the accuracy of the output waveform generated and the error produced of output waveforms falls in the acceptable region, which is lower than 10%. At the same time, comparative good results could also be obtained as discussed previously.
As the output from the DDS chip module is very low that is around 1.1Vpp, an amplifier circuit is required to amplify the signal. The LT 1227 manufactured by Linear Technology was selected. From the Figure 8 , the amplifier designed is an inverting circuit where the given gain is V out = V i . A low pass filter is designed and added to the amplifier circuit to eliminate high frequency noise. Table 1 shows the various values of gain for 1MHz sine waveform of GUI and keypad system. Various gains can be obtained by changing the resistance value of the variable resistor, R 3 .
By using Kirchhoff's Current Law and Kirchhoff's Voltage, transfer function for the amplification and filter circuit can be determined and is given as:
After substituting the value of R and C according to the The output waveforms of the DCDDS function generator were also analyzed. The results show that the accuracy of the output waveform generated and the error produced of output waveforms falls in the acceptable region, which is lower than 10%. That means the system was reliable and then it was sufficient to meet many experimental requirements.
Apart from that, the cost of DCDDS function generator was being estimated around RM350.00. The cost of DCDDS function generator is much lower than the commercial DDS function generator system with only the most useful functions are considered in the low cost design, such as the generation of sinusoidal waveform which can be operated up to higher frequency and higher voltage. These features are important because many tests and experimental works can be performed at higher frequency and higher voltage. Therefore, everyone especially young researcher and students can afford to have it. Hence, the DCDDS function generator designed is compact and light in weight which is 0.55kg thus it can be used anywhere.
IV. CONCLUSION
As a conclusion, Dual Controlled DDS (DCDDS) function generator was successfully developed and tested. The frequencies range of the sine waveform generated is from 0 to 30MHz. The amplitude selection can up to 10Vpp, and it is guaranteed to be accurate for frequencies range from 0 to 1MHz. The designed DCDDS function generator is easier to carry and light. In term of economy wise, the cost of the system is relative low compare to other commercial function generators.
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